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(54) PROBE, AND CIRCUIT BOARD FOR PROBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the contact reliability under 
service condition at a high temperature as in a burn-in test, and 
enhance the durability of an inspection equipment by constituting a 
structure wherein a contact part of one surface of a flexible board is 
electrically connected with a conducting circuit, and setting the 
difference between the coefficient of linear expansion of the flexible 
board material and that of the contact object of a prove, as a specified 
value. 

SOLUTION: Through holes 5 are formed at positions corresponding to 
the just rear of a conducting circuit 3 on the surface 1a of a flexible 
board 1. The conducting circuit 3 on the rear 1b is exposed on the 
bottom surfaces in the through holes. The surfaces of the conducting 
circuit 3 which are exposed on the bottom surfaces in the holes are 
used as a negative electrode, and electroplating is performed. Thereby 
good conductor metal such as gold, silver and copper which are used as 
the material of bump contact is deposited in the through holes 5 and 
buried. The good conductor metal is protruded from the board 1 surface, 
and bump contacts 2 are formed. Polyimide is preferably used as 
material of the board 1. The difference between the coefficient of linear 

expansion of the board 1 material and that of a contact object is set at most 10 X 10-6 at 25-300° C. 
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* NOTICES * 
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damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The probe with which it has the structure where the conductive circuit established in the contact 
surface prepared in one [ which has insulation ] field of a flexible substrate, and one of the fields or the interior 
of this flexible substrate flowed, and the difference of the coefficient of linear expansion of the ingredient of said 
flexible substrate and the coefficient of linear expansion of the contact object of the probe concerned is 
characterized by being 10x10 to six or less in 25 degrees C - 300 degrees C. 

[Claim 2] The probe according to claim 1 whose coefficient of linear expansion of the ingredient of the above- 
mentioned flexible substrate the contact objects of the probe concerned are the electronic parts which have the 
coefficient of linear expansion of a silicon crystal, and is 1x10-6 to 10x10-6. 
[Claim 3] the ingredient of a flexible substrate — formula (A): — [Formula 1] 
,CH* 

~" 1 (A) 



0 0 




;qxo; 

CH/ 



The structural unit (A) come out of and expressed, and a formula (B): [Formula 2] 
0 0 



(B) 



(The inside of a formula and X are [Formula 3].) 

CH, 

-0— . -S- , -C- , 

CH, 



CH, CP, 

-o °- * **** -° °- 

CH, CF, 



the radical come out of and expressed — being shown — the probe according to claim 2 whose mole ratio of a 
structural unit (A) and a structural unit (B) it consists of a structural unit (B) expressed, and is polyimide of (A): 
(B) =90:10-50:50. 

[Claim 4] The probe according to claim 1 which is the circuit of the structure where the laminating of the layer 
which a conductive circuit is a circuit formed with the iron nickel alloy, or consists of an iron nickel alloy by the 
side of a flexible substrate, and the layer which consists of a good conductor metal by the side of a surface was 
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carried out. 

[Claim 5] a conductive circuit prepares in one [ which has insulation ] field of a flexible substrate 

the ingredient of a flexible substrate — formula (A): — [Formula 4] 
0 0 



having 



S fl CH, ^ 



(A) 



The structural unit (A) come out of and expressed, and a formula (B): [Formula 5] 
0 0 



L J J 



(B> 



(The inside of a formula and X are [Formula 6].) 
-0- , -s- , -J- , 

CH, 



CH> w« 
CH, 



CP, 
CF, 



the radical come out of and expressed — being shown — the circuit board for probes characterized by to be the 
circuit of the structure where of consisted of a structural unit (B) expressed, and the mole ratio of a structural 
unit (A) and a structural unit (B) is polyimide of (A):(B) =90:10-50:50, and the laminating of the layer which a 
conductive circuit is a circuit formed with the iron nickel alloy, or consists of an iron nickel alloy by the side of a 
flexible substrate, and layer which consists of a good conductor metal by the side of a surface be carried out. 



[Translation done.] 
* NOTICES * 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the probe which performs electric contact to detailed contact 

objects, such as an integrated circuit. 

[0002] 

[Description of the Prior Art] With the miniaturization of electronic equipment in recent years, and thin-shape- 
izing, the miniaturization also with the more and more semiconductor devices, such as IC carried there, is 
required, and it has been required that the component-side product of a semiconductor device should also be 
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made small even at a limit. As one of the replies to such a demand, the semiconductor device (the thing of the 
divided phase is hereafter called a bare chip) of the phase formed on the silicon wafer or the divided phase is not 
packed, but it remains as it is, and bare chip mounting which mounts in a substrate is performed, and it is 
thought that the shift to this mounting gestalt will progress quickly from now on. [ many ] Moreover, even 
mounting with a wafer condition is going to be performed in the future. Therefore, the various quality 
measurement to a semiconductor device, a trial, especially the burn in test performed to the bottom of a severe 
hot condition for a semiconductor device must also be performed in the state of the wafer which is a bare chip 
or its preceding paragraph story. 

[0003] the detailed electrode formed on contact objects, such as the above-mentioned bare chip and a wafer, 
and a conductor — for performing electric contact, a probe is used to the contacted sections, such as a part 
The probe as used in the field of this invention is a field-like probe with which the probes which have a 
mechanical needle type device differ. The structure has the common structure where the conductive circuit 
established in the contact surface prepared in one [ which has insulation ] field of a flexible substrate, and one of 
the fields or the interior of this flexible substrate flowed. The contact surface of a probe is a part which 
performs electric contact to the contacted section, and is the good conductor metal contact of the letter of a 
projection usually called a bump contact (or only bump). 
[0004] 

[Problem(s) to be Solved by the Invention] Where a probe is conventionally contacted to a contact object, when 
a big temperature change is given, the difference of the coefficient of linear expansion of a contact object and 
the coefficient of linear expansion of a probe may become a problem. When performing the burn in test of a bare 
chip as a checking probe especially, where a probe is contacted to a bare chip, depending on 120 degrees C - 
about 150 degrees C and the case, it is usually heated by even the about 200-degree C elevated temperature. In 
such a case, in the conventional probe, since the coefficient of linear expansion of this probe differed from the 
coefficient of linear expansion of a contact object greatly mutually, there was a problem that the contact surface 
of the probe which touched the contacted section on a contact object in the state of the room temperature at 
the time of test initiation shifted from a partner s contacted section after a temperature rise, and it became 
impossible a flash, a poor contact, and inspecting it 

[0005] Moreover, by shifting covering die length of dozens of micrometers with the condition that the contact 
surface of a probe contacted the contacted section, even if it does not result by the degree which the contact 
surface of a probe shifts and protrudes from the contacted section The contacted section of a contact object 
was damaged greatly and there were a problem that the quality as a product deteriorates greatly, and a problem 
that the contact surface of a probe was damaged by reverse by the contacted section, and the endurance as 
test equipment fell. 

[0006] The technical problem of this invention is offering the circuit board which is a member for manufacturing 
the probe and this which have the endurance which solved the above-mentioned problem, could contact the 
contact object with the contact dependability which was excellent under the service condition in the elevated 
temperature in a burn in test etc., and was excellent also as checking. 
[0007] 

[Means for Solving the Problem] this invention persons completed this invention paying attention to bringing the 
coefficient of linear expansion of the flexible substrate itself close with the coefficient of linear expansion of a 
contact object rather than controlled the thermal expansion of a flexible substrate using the rigid substrate etc. 
When it was the semiconductor device to which a contact object uses a silicon crystal as a substrate especially, 
the polyimide optimal as an ingredient of a flexible substrate was specified. Moreover, when the polyimide optimal 
as an ingredient of a flexible substrate was specified, according to the difference of the coefficient of linear 
expansion of a flexible substrate and a conductive circuit, the curvature newly generated in the whole circuit 
board and probe was made into the further problem, this was solved, and the usefulness of this invention was 
raised more. 

[0008] The probe and the circuit board of this invention have the following description. 

(1) The probe with which it has the structure where the conductive circuit established in the contact surface 
prepared in one [ which has insulation ] field of a flexible substrate, and one of the fields or the interior of this 
flexible substrate flowed, and the difference of the coefficient of linear expansion of the ingredient of said flexible 
substrate and the coefficient of linear expansion of the contact object of the probe concerned is characterized 
by being 10x10 to six or less in 25 degrees C - 300 degrees C. 

[0009] (2) The probe of the above-mentioned (1) publication whose contact objects which are the probe 
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concerned are the electronic parts which have the coefficient of linear expansion of a silicon crystal and whose 
coefficient of linear expansion of the ingredient of the above-mentioned flexible substrate is 1x1 0-6 to 10x10-6. 
[0010] (3) The ingredient of a flexible substrate is formula (A): [0011]. 
[Formula 7] 



0 u pfl a 



CH/ - 1 



CA> 



[0012] The structural unit (A) come out of and expressed, and formula (B) : [0013] 

[Formula 8] 
0 

S 0 



[0014] the inside of a formula, and X — bottom (type i) -(v): [0015] 

[Formula 9] 

-0- (i) 



-S- 



(ii) 



CH 3 
-C- 
CH 8 



Ciii) 




CP* 



[0016] one radical which comes out and is chosen from radical (i) - (v) expressed — being shown — from the 
structural unit (B) expressed — becoming — the mole ratio of a structural unit (A) and a structural unit (B) — a 
probe given in (A):(B) = above-mentioned [ which is polyimide of 90:10-50:50 ] (2). 

[0017] (4) conductivity — a circuit — an iron nickel alloy — forming — having had — a circuit — it is — or — 
or — flexible — a substrate — a side — an iron nickel alloy — from — becoming — a layer — a surface — a 
side — a good conductor — a metal — from — becoming — a layer — a laminating — carrying out — having 
had — structure — a circuit — it is — the above — ( — one — ) — a publication — a probe . 
[0018] (5) The circuit board for probes to which a conductive circuit is established in one [ which has insulation ] 
field of a flexible substrate, and the ingredient of a flexible substrate is polyimide given in the above (3), and is 
characterized by being the conductive circuit are given [ a conductive circuit ] in the above (4) in a circuit. 
[0019] The probe of this invention includes what [ not only ] contacts temporarily to a contact object like a 
checking probe but the connecting means used while it had been made to contact eternally to a contact object 
as objects for mounting, such as a bare chip. 
[0020] 

[Function] Even if it uses as a checking probe and is exposed to the temperature change from a room 
temperature like a burn in test to an elevated temperature by making the difference of the coefficient of linear 
expansion of the ingredient of a flexible substrate, and the coefficient of linear expansion of the contact object 
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of the probe concerned or less into 10x10 to six in 25 degrees C - 300 degrees C, the gap with the contact 
surface of a probe and the contacted section of a contact object can be controlled suitably. 
[0021] Concluding especially that such coefficient of linear expansion is equivalent to the coefficient of linear 
expansion of the silicon crystal used as a crystal substrate when contact objects are the electronic parts which 
have the detailed contacted sections, such as bare chips, wafers, etc., such as a semiconductor device and an 
integrated circuit, the value is 3.5x10 to about six in a 0 degree C - 200 degrees C temperature requirement. In 
that case, the coefficient of linear expansion of the ingredient of a flexible substrate serves as a value with 
desirable 1x10-6 to 10x10-6. 

[0022] On the other hand, although polyimide was mentioned as most desirable thing from the point of thermal 
resistance or a mechanical strength as an ingredient of the flexible substrate used for a probe, polyimide with 
which it is satisfied of coefficient of linear expansion 1x10-6 to 10x10-6 as mentioned above was not used for 
the flexible substrate of the conventional probe. 

[0023] In this invention, the configuration of polyimide should be consisted of the above-mentioned configuration 
unit (A) and (B), and those mole ratios were specified as (A):(B) =90:10-50:50. It has reinforcement sufficient as 
a flexible substrate of a probe, and moreover, coefficient of linear expansion is lower than the ingredient of the 
conventional flexible substrate, it becomes what is approximated to the coefficient of linear expansion of a 
silicon crystal, and the gap to the contacted section on a semiconductor device is controlled by this 
specification. 

[0024] Moreover, when the ingredient of a flexible substrate was used as the above-mentioned polyimide and a 
conductive circuit was formed with common good conductors, such as copper, it found out curvature arising in a 
probe and becoming a new problem according to the difference of the coefficient of linear expansion between a 
flexible substrate and a conductive circuit To such a problem, by using an iron nickel alloy for the ingredient of a 
conductive circuit, the difference of the coefficient of linear expansion between a flexible substrate and a 
conductive circuit becomes small, curvature is controlled, and a more desirable probe is obtained. 
[0025] 

[Embodiment of the Invention] First, the circuit board used for the probe of this invention is explained previously. 
The circuit board of this invention is the flexible circuit board by which the conductive circuit 3 was established 
in one [ which has insulation ] field 1a of the flexible substrate 1, as shown in drawing 3 R> 3. 
[0026] As explanation of the above-mentioned operation described, when this circuit board is used as a probe, 
the difference of coefficient of linear expansion uses the ingredient of a flexible substrate as the ingredient 
which is 10x10 to six or less in 25 degrees C - 300 degrees C to that contact object. It is most desirable that it 
will be made from the polyimide explained below especially if contact objects are the electronic parts which have 
the coefficient of linear expansion of a silicon crystal. 

[0027] Both the polyimide suitably used as an ingredient of the above-mentioned flexible substrate makes 
tetracarboxylic dianhydride and a specific diamino compound react in an organic polar solvent as start raw 
materials, and pass a polyimide precursor. Pyromellitic acid 2 anhydride (PMDA) is mentioned as the above- 
mentioned tetracarboxylic dianhydride. As the above-mentioned specific diamino compound, both m-tolidine and 
the diamino compound expressed with the following type (C) are used. 
[0028] 

[Formula 10] 

H 2 N -(0)~X-<g>- NHi (C) 

[0029] X in the above-mentioned formula (C) is the same as that of X in the above-mentioned formula (B), i.e., 
the radical expressed with above-mentioned formula (i) - (v). The diamino compound expressed with the above- 
mentioned formula (C) has good thermal resistance. 

[0030] The blending ratio of coal (X:Y) of a diamino compound (Y) expressed with the above-mentioned m- 
tolidine (X) and the above-mentioned formula (C) is a mole ratio, and it is desirable the range of X:Y=90: 10-50:50 
and to set it as the range of X:Y=85:1 5-60:40 especially. In the above-mentioned blending ratio of coal, if the 
value of the mole ratio of X exceeds 90, the reinforcement of a polyimide coat will fall. Conversely, if the value of 
the mole ratio of X becomes less than 50, the coefficient of linear expansion of the polyimide obtained will 
become large, and a base material will come to curl. 

[0031] In addition, less than [ of the amount of the diamino compound used / 15 mol % ] which is expressed with 
the above-mentioned m-tolidine and the above-mentioned formula (C) may be replaced with other diamino 
compounds other than these diamino compounds. As other diamino compounds, for example P-phenylene 
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diamine, m-phenylenediamine t - diamino diphenyl ether, and 4 '3, 3'~diamino diphenyl ether, [ 3, and ] - diamino 
diphenylmethane, and 4 and 4 '3, 3 T -diaminodiphenyl sulfone, A 3 and 3 -diamino benzophenone, 1, 4-bis(4-amino 
phenoxy) benzene, - bis(4-amino phenoxy) diphenylsulfone, and 4 and 4'-bis(4-amino phenoxy) biphenyl, 4, and 4 
'4, 4'-bis(3-amino phenoxy) diphenylsulfone etc. is mentioned. 

[0032] Therefore, in this invention, the polyimide with which the whole ** consists of the above-mentioned 
configuration unit (A) and (B) or the ** above-mentioned configuration unit (A), and (B) are more than 85 mol % 
of the whole polyimide, and the polyimide suitably used as an ingredient of a flexible substrate is polyimide with 
which the remainder consists of a configuration unit formed of the reaction of PMDA and other diamino 
compounds. 

[0033] The above-mentioned polyimide can compound and form a precursor as follows. That is, the above- 
mentioned tetracarboxylic dianhydride and the above-mentioned diamino compound are made to usually react at 
0-90 degrees C into abbreviation equimolar and an organic polar solvent for 1 to 24 hours, and let them be a 
polyimide precursor. As the above-mentioned organic polar solvent, a N-methyl-~2-pyrrolidone, N,N- 
dimethylacetamide, N.N-dimethylformamide, dimethyl sulfoxide, dimethyl phospho RUAMIDO, etc. are mentioned. 
[0034] thus, the polyimide precursor compounded — the logarithm — it is desirable that viscosity (a N-methyl- 
2-pyrrolidone is used for a solvent, and it measures at the concentration of 0.5g / 100ml, and 30 degrees C) is in 
the range of 0.5-5.0. Since the mechanical strength of the polyimide which will be obtained if this value is smaller 
than 0.5 falls remarkably, it is not desirable. Conversely, since the spreading workability to a metallic foil will fall if 
this value is larger than 5.0, it is not desirable, a logarithm — viscosity etainh It is calculated by etainh = (In (t1 / 
t0)) / C. However, the inside t1 of a formula and tO It is the drop time amount measured by the capillary 
viscometer, and t1 is the drop time amount of a solution, and tO. It is the drop time amount of a solvent. C is the 
concentration expressed with more than in g of the polymer in 100ml of solutions, a logarithm — a viscosity 
number or the intrinsic viscosity calculated using it is connected with the molecular weight of a polymer. 
[0035] A flexible substrate is manufactured as follows, using the organic polar-solvent solution of the polyimide 
precursor obtained as mentioned above. 

[0036] (a) First, on the metallic foil which serves as a conductive circuit in the organic polar-solvent solution of 
the precursor of the above-mentioned polyimide, use well-known means, such as a roll coater and comma 
coater, and carry out flow casting spreading. As for the concentration of the polyimide precursor in an organic 
polar-solvent solution, it is desirable to set up to about 5 - 30% of the weight If the front face of the polyimide 
which will be obtained if this concentration is lower than 5 % of the weight is too high to a dry area or the 
reverse which becomes empty, viscosity will become high and spreading workability will fall. 
[0037] What is necessary is just to apply so that such thickness may be obtained since thickness with the 
desirable flexible substrate eventually obtained as polyimide is 8 micrometers - 50 micrometers although the 
spreading thickness of a precursor is not limited. 

[0038] In order to raise the adhesive strength of the metallic foil used as a conductive circuit, and the polyimide 
which is a flexible substrate, it is desirable to process to begin sandblasting to the front face of a metallic foil, 
and to form corona discharge, chromate treatment or a silane coupling agent, and comparatively soft polyimide 
as a primer layer etc. 

[0039] (b) After flow casting spreading of the above-mentioned solution to a metallic foil, heatHireat and form 
polyimide. This heat-treatment usually includes the process of 30 minutes - about 2 hours which carries out 
stoving and removes a solvent and the process further heat-treated at the temperature of 250 degrees C - 600 
degrees C for 1 minute to 3 hours at 100 degrees C - 230 degrees C. 

[0040] The polyimide which consists of a configuration unit (A) expressed with the above-mentioned formula (A) 
and (B) and (B) is formed in a metallic foil front face of the process of the above (a) and (b), and the two-layer 
layered product of the metallic foil used as a conductive circuit and a flexible substrate is obtained. 
[0041] This polyimide may be a block polymer by the configuration unit (A) and (B), may be a random polymer, or 
may be a mutual polymer. And the mole ratio of a structural unit (A) and a structural unit (B) must be set as the 
range of (A):(B) =90:10-50:50. Especially, the range of (A):(B) =85:15-60:40 is desirable. In the above-mentioned 
mole ratio, the reinforcement of a polyimide coat falls remarkably that the value of the mole ratio of a structural 
unit (A) exceeds 90 (if it says to reverse, the value of the mole ratio of a structural unit (B) is less than ten). 
Moreover, the coefficient of linear expansion of the polyimide obtained as the value of the mole ratio of a 
structural unit (A) is less than 50 becomes large, and when it uses for a probe and a big temperature change is 
given, big curvature will arise in the big gap and the probe itself to an inspection object (if it says to reverse and 
the value of the mole ratio of a structural unit (B) will exceed 50). moreover, the thing for which X in the above- 
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mentioned formula (B) showing a configuration unit (B) is chosen as mentioned above — the polyimide which was 
excellent in respect of thermal resistance and flexibility is obtained. 

[0042] although you may be the good conductor metal use for common well-known circuit patterns, such as 
copper, nickel, a solder, gold, and silver, as an ingredient of the metallic foil used as a conductive circuit, when 
contact objects be the above-mentioned electronic parts, in a burn in test, the alloy of the point that not only 
gap but a curvature can be control to iron-nickel, and the iron nickel alloy (following "42 alloy") which contain 
nickel 42% of the weight especially be the most suitable. 

[0043] Moreover, if only 42 alloys are used as a conductive circuit, depending on an application, that the 
resistance of the conductive circuit itself is high may pose a problem, but in that case, as shown in drawing 4 , it 
may consider as the conductive circuit which has the structure where the laminating of the conductor was 
carried out to multiplex, and the laminating of the layer 3b of the above-mentioned good conductor metal may be 
further carried out on conductive circuit 3a of 42 alloys formed on the flexible substrate 1. The mode 31 which 
carries out a laminating, the mode 32 which galvanizes a good conductor metal to the circuit pattern which 
consists of 42 alloys may perform the laminating of good conductor metal layer 3b to 42 alloy layer 3a in the 
process of which phase in the phase of a metallic foil item. 

[0044] The thickness of the metallic foil used as a conductive circuit has 1 micrometer - desirable 500 
micrometers, and 5 micrometers - its 50 micrometers are more desirable especially. In flexibility, since the whole 
probe which will be obtained if coating becomes difficult and exceeds 500 micrometers in order that there may 
be no reinforcement of a foil, when the thickness of a metallic foil is thinner than 1 micrometer becomes less 
suitable for the application of a chip and a probe, it is not desirable. 

[0045] When manufacturing a probe using this circuit board, a conductive circuit is designed so that it may pass 
through directly under [ of a flexible substrate / internal ], the backs, or these near to the location of this 
contact surface, and is formed so that it may flow with the contact surface prepared on the field of a flexible 
substrate. Even if the mode of a conductive circuit is a circuit pattern, it may be the conductor layer which used 
the above-mentioned metallic foil, without processing it as it is. As an approach of forming a conductive circuit 
as a circuit pattern, although the well-known circuit pattern formation approaches, such as an additive process 
and a subtractive process, can be used, if it carries out from the production process of the flexible substrate 
concerned, the subtractive process which uses a metallic foil as a circuit pattern by etching etc. after formation 
of a flexible substrate is the most desirable. 

[0046] Polyimide has very good dimensional stability, and even if the circuit board obtained as mentioned above 
is used for the burn in test to electronic parts etc. by using 42 alloys as an ingredient of a conductive circuit, it 
is equipped with the outstanding property that neither gap nor curvature occurs substantially. 
[0047] Next, the probe of this invention is explained. Although it is desirable to form the above-mentioned circuit 
board first and to form using this as for the probe of this invention, the sequence of a process should just have 
the component of the above-mentioned circuit board eventually, such as not being limited, for example, 
completing a circuit pattern in the processing process of a probe. 

[0048] Drawing 1 is the mimetic diagram showing an example of the fundamental structure of the probe by this 
invention. It is the structure where the contact surface 2 prepared in one [ which has insulation ] field 1a of the 
flexible substrate 1 in the example shown in this drawing, and the conductive circuit 3 established in field 1b of 
another side of this flexible substrate flowed. It is as having explained the flexible substrate and the conductive 
circuit in the above-mentioned circuit board. 

[0049] A contact surface is prepared in the location corresponding to the contacted section of a contact object. 
The mode of the contact of the letter of a projection usually called the bump contact (or only bump) which 
consists of a good conductor metal that a contact surface should just be what can perform electric contact to 
the contacted section of a contact object is used. However, a bump contact does not necessarily need to 
project from a flexible substrate side, and may form the same field as a flexible substrate side, and a concave 
surface according to a partner s configuration. Moreover, a contact surface may be a mode (lead contact) which 
uses a part of conductive circuit as a contact surface. Hereafter, the case where a contact surface is used as a 
bump contact is explained. 

[0050] As an ingredient of a bump contact, gold, silver, copper, lead, chromium, zinc, aluminum, nickel, iron, 
platinum, palladium, a rhodium, a ruthenium, etc. are illustrated, for example, and the configuration may carry out 
the laminating not only of a single metal kind but the different metal to the shape of a layer. When carrying out 
the laminating of the different metal to the shape of a layer, it is desirable to use things of Knoop hardness 
700Hk-1200Hk, such as a rhodium and a ruthenium, as a metal of the outermost surface. 
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[0051] Although a bump contact is formed so that it may flow with a conductive circuit, the structure which 
flows through the breakthrough which was formed in the location (relation it is just under related mutually) which 
corresponds to drawing 1 mutually in the table / flesh side or the front face / depths of a flexible substrate so 
that it may be shown, and was prepared in the flexible substrate is desirable structure. The formation approach 
of a bump contact of having the structure of such a flow is roughly explained below as an example using the 
circuit board for the above-mentioned probes. 

[0052] first the location (location which corresponds right above when said conductive circuit is located in the 
interior of a substrate) which is equivalent to the back of the conductive circuit 3 in field 1a of the flexible 
substrate 1 as shown in drawing 1 — a breakthrough 5 — preparing — the hole — the conductive circuit 3 of 
rear-face 1b is exposed on an inside base. With the electrolysis plating which uses as a negative electrode next 
the field of the conductive circuit exposed to the base in a hole, in a breakthrough, the good conductor metal 
used as the ingredient of a bump contact is deposited, it is filled up, a deposit is continued further, a good 
conductor metal is projected from the front face of a flexible substrate, and a bump contact 2 is obtained. 
[0053] The approach of covering the conductive circuit formed on the flexible substrate with the ingredient 
which has flexibility and insulation further as an approach of establishing a conductive circuit in the interior of a 
flexible substrate is mentioned. In this case, although the ingredient used for a coat differs from each other even 
if it is the same as the ingredient of a flexible substrate, considering as both the above-mentioned polyimide is 
more desirable. 

[0054] The dry etching method using laser, such as wet etching which etches into a flexible substrate chemically, 
using a chemical, a solvent, etc. as an approach of forming a breakthrough, carbon dioxide gas, YAG, and an 
excimer, or the plasma can be used. When performing detailed hole processing especially, it is desirable to use 
the etching method which used laser. 

[0055] Other examples of structure of the probe of this invention are typically shown in drawing 2 (a) and (b). 
Although drawing 2 (a) is the same configuration as drawing 1 , it has the structure where the conductive circuit 
was established in the interior of a flexible substrate, by covering the whole surface of the conductive circuit 3 
with the enveloping layer 4 which consists of the same ingredient as the flexible substrate 1. B is a contact 
object drawing 2 (b) — the conductor of a conductive circuit — it is the example of structure using the very 
thing as a contact selectively. Moreover, the contact object B is a bare chip and the contacted section B1 is an 
example in the case of a pewter bump contact In the example of this drawing, the conductive circuit 3 is 
exposed selectively, it considers as the contact surface 2 of the letter of a lead, and the contact surface 2 by 
the side of a probe is made into the detailed and flat contact surface to the contacted section B1 of the letter 
of a projection. 
[0056] 

[Example] Hereafter, an example is given and this invention is explained more concretely. First the example of 
manufacture of the circuit board for probes by this invention is shown in the following examples 1-4, and the 
example of manufacture of the probe using them is shown in examples 5 and 6. however, the logarithm shown in 
the following — like the above, viscosity uses a N-methyl-2-pyrrolidone for a solvent, and measures it at the 
concentration of 0.5g / 100ml, and 30 degrees C. Moreover, the solution viscosity of a polyimide precursor is 
measured at 30 degrees C using a Brookfield viscometer. 

[0057] In example 1 this example, the radical X especially contained in a structural unit (B) was made into the 
radical expressed with the above-mentioned formula (i) using the polyimide which consists of a structural unit 
(A) expressed with the above-mentioned formula (A) and (B), and (B) as an ingredient of a flexible substrate. 
[0058] First m-tolidine (TLD)g [ 17.0 ] and 4 and 4 '-diamino phenyl ether (DDE) 4.0g and 172g (NMP) of N- 
methyl-2-pyrrolidones were put in and stirred to the separable flask with an equipped with the agitator and the 
thermometer volume of 500 cc, and said diamino compound was dissolved in it 

[0059] Next, in addition, stirring was continued at the temperature of 30 degrees C or less after that for 5 hours 
gradually [ 21. 8g (PMDA) of pyromellitic acid 2 anhydrides ] to this, and the polyimide precursor solution of 20% 
of concentration was obtained, the logarithm of this polyimide precursor solution — viscosity was 1.90 and 
solution viscosity was 800 Pa-s. 

[0060] The obtained solution was diluted with NMP so that it might become a polyimide precursor solution 15%, 
on 42 alloy foil with a thickness of 20 micrometers, the applicator was used, flow casting spreading was carried 
out under nitrogen-gas-atmosphere mind, it performed at 200 degrees C for 30 minutes for 30 minutes, 400 
more degrees C performed heating of 1 hour at 100 degrees C, and the flexible substrate was produced. The 
thickness of a flexible substrate was 45 micrometers. 
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[0061] This polyimide became a structural unit (A) from (B), and these mole ratios were (A):(B) =80:20. Moreover, 
the coefficient of linear expansion of the direction of a field as a layered product including 42 alloy foil was 
3.0x10-6. 

[0062] Next, coating of the photoresist was carried out to the front face of 42 alloy foil, by exposure, 
development, etching, and resist exfoliation, the predetermined circuit pattern (conductive circuit) designed so 
that the back of the predetermined location which should form a bump contact might be passed was formed, and 
the circuit board for probes by this invention was obtained. 

[0063] Although the polyimide which consists of a structural unit (A) and (B) as an ingredient of a flexible 

substrate was used like the above-mentioned example 1 in example 2 this example, the radical X contained in a 

structural unit (B) was made into the radical expressed with the above-mentioned formula (iv). 

[0064] First, TLDg [ 18.0 ] and 2 and 2-screw [4-(4-amino phenoxy) phenyl] propane 6.2g and NMP184g were 

put in and stirred to the same separable flask as an example 1, and said diamino compound was dissolved in it. 

Next, PMDA21.8g was gradually added to this, stirring was continued at the temperature of 30 degrees C or less 

after that for 5 hours, and the polyimide precursor solution of 20% of concentration was obtained, the logarithm 

of this polyimide precursor solution — viscosity was 2.05 and solution viscosity was 950 Pa-s. 

[0065] The flexible substrate with a thickness of 38 micrometers was produced at the completely same process 

as the above-mentioned example 1 using the obtained polyimide precursor solution and 42 alloy foil with a 

thickness of 35 micrometers. This polyimide became a structural unit (A) from (B), and these mole ratios were 

(A) :(B) =85:15. Moreover, the coefficient of linear expansion of the direction of a field as a flexible substrate was 
3.3x10-6. 

[0066] Next, completely like the above-mentioned example 1, 42 alloy foil was processed as a circuit pattern 
(conductive circuit), and the circuit board for probes by this invention was obtained. 

[0067] Although the polyimide which consists of a structural unit (A) and (B) as an ingredient of a flexible 
substrate was used like the above-mentioned example 1 in example 3 this example, the radical X contained in a 
structural unit (B) was made into the radical expressed with the above-mentioned formula (v). 
[0068] TLDg [ 19.1 ] and 2 and 2-screw [4-(amino phenoxy) phenyl] hexafluoropropane 5.2g and NMP184.4g 
were put in and stirred to the same separable flask as an example 1, and said diamino compound was dissolved in 
it. Next, PMDA21.8g was gradually added to this, stirring was continued at the temperature of 30 degrees C or 
less after that for 5 hours, and the polyimide precursor solution of 20% of concentration was obtained, the 
logarithm of this polyimide precursor solution — viscosity was 1.85 and solution viscosity was 840 Pa-s. 
[0069] The obtained polyimide precursor solution was diluted with NMP to 15%, on 42 alloy foil with a thickness 
of 35 micrometers, the applicator was used, flow casting spreading was carried out, under nitrogen-gas- 
atmosphere mind, it performed at 200 degrees C for 30 minutes for 30 minutes, 400 more degrees C performed 
heating of 1 hour at 100 degrees C, and the flexible substrate with a thickness of 60 micrometers was produced. 
[0070] This polyimide consisted of a structural unit (A) and a structural unit (B), and these mole ratios were (A): 

(B) =90:10. Moreover, the coefficient of linear expansion of the direction of a field as a flexible substrate was 
3.4x10-6. 

[0071] Next, completely like the above-mentioned example 1, 42 alloy foil was processed as a circuit pattern 
(conductive circuit), and the circuit board for probes by this invention was obtained. 

[0072] Although the radical X contained in a structural unit (A), (B), and a structural unit (B) was the same as 
that of the above-mentioned example 1 altogether as an ingredient of a flexible substrate at example 4 this 
example, the mole ratio of a structural unit (A) and a structural unit (B) used the polyimide which is (A):(B) 
=50:50. 

[0073] First, TLDg [ 10.6 ] and 4 and 4 -diamino diphenyl ether 10.0g and NMP168.8g were put in and stirred to 
the same separable flask as an example 1, and the above-mentioned diamino compound was dissolved in it. Next, 
PMDA21.8g was gradually added to this, stirring was continued at the temperature of 30 degrees C or less after 
that for 5 hours, and the polyimide precursor solution of 20% of concentration was obtained, the logarithm of this 
polyimide precursor solution — viscosity was 1.80 and solution viscosity was 720 Pa-s. 

[0074] The flexible substrate with a thickness of 60 micrometers was produced at the completely same process 
as the above-mentioned example 1 using the obtained polyimide precursor solution and 42 alloy foil with a 
thickness of 35 micrometers. This polyimide became a structural unit (A) from (B), and these mole ratios were 
(A):(B) =50:50. Moreover, the coefficient of linear expansion of the direction of a field as a flexible substrate was 
6.5x10-6. 

[0075] Next, completely like the above-mentioned example 1, 42 alloy foil was processed as a circuit pattern 
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(conductive circuit), and the circuit board for probes by this invention was obtained. 

[0076] Using the circuit board for probes produced in the example 5 above-mentioned examples 1-4, the bump 
contact was formed in these each and the probe of the structure shown in drawing 1 was produced a total of 
four kinds. The formation process of a bump contact is shown below. 

[0077] First, in the circuit board for probes, with the field in which the conductive circuit was formed among both 
sides of a flexible substrate, carbon dioxide laser was irradiated by the mask projection + gal BANOSU can 
method to the field of an opposite hand in the location which should form a bump contact, the breakthrough with 
a bore of 80 micrometers was formed, and the conductive circuit was exposed on the internal base of this 
breakthrough. On next, the front face (except for the part exposed to the internal base of a breakthrough) of a 
conductive circuit After depositing nickel and filling up with electroplating which uses a conductive circuit as a 
negative electrode after giving the resist film to plating in a breakthrough, a deposit is continued further. The 
bump contact whose projection height from a substrate side is 20 micrometers was formed, it plated with gold by 
the thickness of 1 micrometer on the front face further, the rhodium plate was performed by the thickness of 1 
more micrometer, the resist film was exfoliated, and the probe by this invention was obtained. 
[0078] After sticking the 6 inch wafer to four kinds of probes obtained by this example as a contact object and 
applying to a burn-in cycle with a room temperature of 25 degrees C - 150 degrees C, when the front face of 
each contact section of a wafer and a probe was observed, the big marks by a gap of a bump contact or point of 
contact of which wafer were not generated, and the damage was not seen on the bump contact front face by the 
side of a probe, either. Moreover, there was no curvature which poses an activity top problem in the probe itself. 

[0079] In example 6 this example, to the circuit board for probes produced in the above-mentioned examples 1- 
4, the conductive circuit was further covered with polyimide, and it considered as the structure where the 
conductive circuit was established in the interior of a flexible substrate, and considered as the probe of the 
structure which prepares a bump contact in this and is shown in drawing 2 (a). 

[0080] Completely like examples 1-4, after forming a conductive circuit to one field of a flexible substrate, 
except for the part used for connection with an external measuring machine machine, the cover coat of this 
conductive circuit was further carried out by the enveloping layer 4 which consists of the same polyimide as the 
ingredient of each flexible substrate. 

[0081] With the field in which the conductive circuit was formed among both sides of a flexible substrate, to the 
field of an opposite hand, the excimer laser with a wavelength of 248nm was irradiated in mask projection, the 
breakthrough with a bore of 30 micrometers was formed in the location which should form a bump contact, and 
the conductive circuit was exposed on the base of this breakthrough. After giving the resist film to plating to the 
external connection terminal area of a conductive circuit, After depositing nickel and filling up with electroplating 
which uses a conductive circuit as a negative electrode in a breakthrough, a deposit is continued further. The 
bump contact whose projection height from a substrate side is 25 micrometers was formed, it plated with gold by 
the thickness of 1 micrometer on the front face further, the rhodium plate was performed by the thickness of 1 
more micrometer, the resist film was exfoliated, and the probe by this invention was obtained. 
[0082] After sticking the bare chip to four kinds of probes obtained by this example as a contact object and 
applying to a burn-in cycle with a room temperature of 25 degrees C - 125 degrees C, when the front face of 
each contact section of a bare chip and a probe was observed, the big marks by a gap of a bump contact or 
point of contact of which bare chip were not generated, and the damage was not seen on the bump contact front 
face by the side of a probe, either. Moreover, there was no curvature which poses an activity top problem in the 
probe itself. 

[0083] In the example of the one example comparison of a comparison, the circuit board for probes was 
produced using the polyimide with which a configuration unit differs from the polyimide used by this invention as 
an ingredient of a flexible substrate. First, TLD21.2g and NMP172g were put in and stirred to the same separable 
flask as an example 1, and said diamine was dissolved in it. Next, PMDA21.8g was gradually added to this, stirring 
was continued at the temperature of 30 degrees C or less after that for 5 hours, and the polyimide precursor 
solution of 20% of concentration was obtained, the logarithm of this polyimide precursor solution — viscosity was 
1.85 and solution viscosity was 750 Pa-s. 

[0084] The flexible substrate with a thickness of 33 micrometers was produced at the same process as an 
example 1 using the obtained polyimide precursor solution and 42 alloy foil with a thickness of 20 micrometers. 
This flexible substrate was not the thing of the quality level which carried out 42 alloy foil side inside, has already 
curled greatly when the above-mentioned making process is completed, and can be used for probe manufacture 
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as the circuit board. Moreover, the coefficient of linear expansion of the direction of a field as a flexible 
substrate was -6.0x10-6. 

[0085] The polyimide used by this invention produced the circuit board for probes as an ingredient of a flexible 
substrate like the example 1 of example of comparison 2 comparison using the polyimide with which configuration 
units differ. First, 4 and 4-diamino diphenyl ether (DDE) 20g and NMP168g were put in and stirred to the same 
separable flask as an example 1, and said diamine was dissolved in it. Next, PMDA21.8g was gradually added to 
this, stirring was continued at the temperature of 30 degrees C or less for 5 hours, and the polyimide precursor 
solution of 20% of concentration was obtained, the logarithm of this polyimide precursor solution — viscosity was 
2.20 and solution viscosity was 1000 Pa-s. 

[0086] The flexible substrate with a thickness of 40 micrometers was produced at the same process as an 
example 1 using the obtained polyimide precursor solution and 42 alloy foil with a thickness of 15 micrometers. 
This flexible substrate was not the thing of the quality level which carries out 42 alloy side inside, curls greatly, 
and can already be used for manufacture of a probe as the circuit board like the case of the example 1 of a 
comparison when the above-mentioned making process is completed. Moreover, the coefficient of linear 
expansion of the direction of a field as a flexible substrate was 32.5x10-6. 

[0087] In the example of the three example comparison of a comparison, as an ingredient of a flexible substrate, 
although the structural unit was the same as that of this invention (example 2), the mole ratio of a structural unit 
(A) and a structural unit (B) produced the flexible substrate using the polyimide out of range shown by this 
invention. First, TLDg [ 20.1 ] and 2 and 2-screw [4-(4-amino phenoxy) phenyl] propane 2.1g and NMP175.2g 
were put in and stirred to the same separable flask as an example 1, and said diamino compound was dissolved in 
it. Next, PMDA21.8g was gradually added to this, stirring was continued at the temperature of 30 degrees C or 
less for 5 hours, and the polyimide precursor solution of 20% of concentration was obtained, the logarithm of this 
polyimide precursor solution — viscosity was 1.85 and solution viscosity was 830 Pa-s. 
[0088] The flexible substrate with a thickness of 60 micrometers was produced at the same process as an 
example 1 using the obtained polyimide precursor solution and 42 alloy foil with a thickness of 35 micrometers. 
Although the structural unit of the polyimide which forms a flexible substrate was the same as that of an 
example 2, the structural unit (A) and the mole ratio with (B) were (A):(B) =95:5. Moreover, the coefficient of 
linear expansion of the direction of a field as a flexible substrate was -1.0x10-6. The obtained polyimide was not 
what there is no flexibility and can be used as a flexible substrate also in reinforcement. 

[0089] Like the example 3 of a comparison, as an ingredient of a flexible substrate, although the structural unit 
was the same as that of this invention (example 2), in the example of the four example comparison of a 
comparison, the mole ratio of a structural unit (A) and a structural unit (B) produced the flexible substrate using 
the polyimide out of range shown by this invention. First, TLDg [ 9.5 ] and 2 and 2-screw [4-(4-amino phenoxy) 
phenyl] propane 22.6g and NMP214.8g were put in and stirred to the same separable flask as an example 1, and 
said diamino compound was dissolved in it Next, PMDA21.8g was gradually added to this, stirring was continued 
at the temperature of 30 degrees C or less after that for 5 hours, and the polyimide precursor solution of 20% of 
concentration was obtained, the logarithm of this polyimide precursor solution — viscosity was 2.05 and solution 
viscosity was 950 Pa-s. 

[0090] The flexible substrate with a thickness of 60 micrometers was produced at the same process as an 
example 1 using the obtained polyimide precursor solution and 42 alloy foil with a thickness of 35 micrometers. 
Although the structural unit of the polyimide which forms this flexible substrate was the same as that of an 
example 2, the structural unit (A) and the mole ratio with (B) were (A):(B) =45:55. Moreover, the coefficient of 
linear expansion of the direction of a field as a flexible substrate was 12.0x10-6. 

[0091] Next, completely like the above-mentioned example 1, 42 alloy foil was processed as a circuit pattern 
(conductive circuit), and the probe was produced at the still more nearly same process as an example 5. 
[0092] After sticking the bare chip to the probe obtained in this example of a comparison as a contact object 
and applying to a burn-in cycle with a room temperature of 25 degrees C - 150 degrees C, when the front face 
of each contact section of a bare chip and a probe was observed, in the pad section of a bare chip, the crack by 
which the bump contact moved over dozens of micrometers had occurred. 
[0093] 

[Effect of the Invention] Even if it is exposed to intense temperature changes, such as a burn in test, when the 
probe of this invention is used as for example, a checking probe so that clearly also from the result of the 
above-mentioned explanation and an example, it is hard to generate curvature in a probe, and the dimensional 
stability which was moreover excellent is shown in it. By this, there is also little gap with a bump contact and the 
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contacted section, and contact dependability and its endurance as test equipment also improve. Moreover also 
when it uses as a splicer for mounting, the dependability of the connection which was excellent also under' the 
operating environment on which an intense temperature change acts is shown. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing an example of the fundamental structure of the probe by this 
invention. 

[Drawing 2] It is the mimetic diagram showing other examples of structure of the probe by this invention. 
[Drawing 3] It is the mimetic diagram showing an example of the structure of the circuit board used for the probe 
of this invention. 

[Drawing 4] It is the mimetic diagram showing the example of structure of the conductive circuit in the circuit 
board of this invention. 
[Description of Notations] 

1 Flexible Substrate 

2 Contact Surface 

3 Conductive Circuit (Circuit Pattern) 
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DRAWINGS 



[Drawing 1] 
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[<b9 ] 



(4) 



-o- 



-s- 

CH, 
-C- 
CH, 



(i) 
(ii) 

(HO 



CH, 



CH. 



(iv) 



CF. 

o-<0>{<0) 



0- 



(v) 
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[0016] x-mstizm ( i ) ~ (v) frhm&tiz 
lrxomzmt) x-mztizmmmttL (b> <t#>e.& 
K>, m&<£& (a) ±m&m& <b> £©*;ut# 

(A): (B) =90 : 1 0-50 ; 5 0©*-y-Ys F 
T-#>S±IB <2> leiS©^-:/,, 
[0017] ( 4 ) igUttllSS^ x >r;U-^#(c 

a«fffl©& - ~ ? ^ ;U^£:*» 6 Sc -2.® £ ^aflW©£Mi# 
£|g*>6 ft SB <t tfflUI 3 *ifc«J6©@ttr * 5_fclB 

( i ) ia«s©^p-^. 

[0 0 18] (5) Jfeli1*fe£W?- Z>7V*lszf)\,Wfc<t> 

tma*. ±ia (3> tcfiais©*" y -f s Ft^ot, 

[0019] ^B^CD^ci-^li, t^gffl7n-7oj: 
[0 02 0] 

- 7®mmim%!)<DMBm%&t<Dg:z , 2 5°c~ 

3 0 0'C{C*st,5T 10X1 O-'tlTit^CiKio 
[002 1 ] #{C, ¥igf*#^- • ^@ 

mmx$>z>tm.x£< , ^©fii«. o°c~2oo-c©s 



20 



30 



40 
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S«HCC*jl,»rW, 3. 5 x i o- 6 !iK-e#-5o ■?-©*§ 
^ix + ^y;uS«©tt*4©^)l^5M^:(j. l x i o 
-"-10X1 O-'tiWZLimtftZ. 
[0022 ]— jj. ^D--?(Cffll>6h*7U+i'^ 

WR©*m tits, imtt^ffwtiiis®j^&)i< y 
«fc 5 icmB$m& i x i o- s ~i ox i o-^m^.-r^, 

[002 3 ] *«S8T?tt. # V -f 5 F(D^«JblBlifiK 
igto (A) , (B) *P»E>£t.5>*>©£U -e-*i<E>©^M:b 
=& (A) : (B) = 90: 10-50:5 0tC#^L 
/Co C©^{c«fc-,r. T'n-^^l/ti/^HIi 

©*W4<fc 0 &M»£8fMR*H&< . U 3 >ISA<Z>*Ug9l 
ftsMtcififfi-T « <>© <t fc -5 T . *3W**-?±©«Jgfl!l!SP 

c 0 0 2 4 ] * fc. 7 U<*->:/A<S«©*m*±fB# y 

SfclBMHcatO-ctt. ^SttlalS§©W4K. 
[0025] 

[^©^Sfe©^] 5tT, 2(c^Hg©-7'n-^cffiU6 
iHlSggtSt-C**,, 

[ 0 0 2 e ] 7 ^®«©»^{i. ±iefpffl©iji 

WX-m^-lt. <fc ^ {C. C©[51SSS«5:'7 - n-^'iL-rfflO^ 
5 = C-3 0 0-CiC*il,>t 10X1 0- s £rFT'$>£,t:5& 

y-Y 5 F**mi-r5Ci36S*feJf$L,C>o 

[0027 ] ±fB"7 U + i/^S«©1vtf4<t LTitfiSfC 

«ce.n-s^y ^ 5 f»> fh7*w>t3*i 
w^ett^«4>-c-jsicc.3-a'. # y >r 5 mm#*mx& 

hinh. ±M^Y^J3>i#^m~m7WfotlsXU.^ fa 

^y -» ( pmda ) wmihti*,* ±sm 

[0028] 
[<fc 1 0] 



50 



7 

h s nh@)-xh(o^nk, (C) 

[0029] xiasc (O jc*5»*x«. ±iax (B) 
K&tt&x, bp*3, ±i2^s ( i ) ^ (v) r«$n>ss 
<fcra«r*4. jjbsc (O -cmztL&isT^ sits®) 

[0 03 0] ±Em- F "J (X) teACXiJBS 

(O r^n^^r^M (y) <DE^»te 

(X : Y) ^Wtr. X : Y=9 0 : 1 0-5 0 : 
5 0CD®H, #CC 4 X : Y = 8 5 : 15-60 : 4 0 CD 

X<D*Jl/Jt©ffl3fi«9 0 FftHI 

- )V? £ J: 9 tc 35c & o 
[0 03 UB. iJBm- h y y>*5«fctf±B55 (C) 
T>il3ft&^T 5 ^ffc^OteJB*© 1 5-*r;b%«F*3 

X 3, 4' -l?7 5 /y7i-^;l/i-f;k 3, 3' 
-5xT ^ -/S^xXJl/x — f\>l^ 4, 4' -i/T?LSi/ 
y 3, 3' -i/7^^^^.Jl/7;i/* 

3, 3' -> ; 7^^>^xy>, 1, 4-b*X 
(4-7^7xy + >» ^>-fe'>, 4. 4' - tfX 
(4-T^^^^^ + ^>) tf7^xjk 4, 4' - tfX 
(4--7^7 ^S^rts) i/7i^Mi^> > 4, 

4' - fx ( 3 -r ^ yy * s^rZs) W x^ji/x;^ 

3W±fi»«mffi (A) , (B) tttta>6&£#y-(3 
h\ */ctt. OXfBtfff&^te <AK (B) #s#y-f 5 
F^ft(D8 5WoH±t$>ot, PMDAi 

[003 3] XfB** U ^ S Ftt#W> <fc 5 &Cgfl§gf*£^j£ 

kx^tm^ ±iBt?r^ s<t<sm*. mm^i, mm 
m&mm^c^x, m«o-9otx*i-2 4b$p h ^ 

<LLTte, N-^^l/-2-fO , ;F>, N, N->^ 
^7th7^ h\ N. N-^^WA7; h\ v> 

[0034] C<D<fc5*cUT£JiR3*i*tf y-Y 5 FBufg 
*©*H»ttE (MCN-yW-2~fD'J F 
>*/8l>. BK0 . 5g/100mK 3 0 'CTiMS) 
#0. 5-5. 0<DlBHCC**(DJ&sjff$tA>o t<Dffi# 
0. 5J:0/h3C^»6n4*y ^5 FO««BW?»K^ 
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fL<fiTtSOT»3!l<ai» 8 ^CC£>ffi#5. 0 
cfc 0^*Ui^!Sfg^(D^fmft^fiT-rS<D-CKF* 
L<ttC». S*^ttS77 <n , 7/ inh = (In (t, / 
to ) ) /Crtf-ff3*i4, /c/cl v S*t t . t 

t^issscoarFifflH, t. B*«©«TT$Hrc* 

£ 0 CBMl 0 0ml ^feWil^OgR-CSU 

io [0035] ±m<D£ *> ic nhtxtc* >; ^ fiwb 

[0 0 3 6 ] ( a ) 9tr. xte* y -f ^ fowkakd* 
tt&1^ffi&«&, ««ttlslBitt*^«WB±«:o-;b 

£o w«^««««*©#y>r5 F«rw#<c««tt5 
#5s«%j:9ffi^£f#6*i£**y-Y5 Foanassn 

[0 0 3 7 ] fngftcO^ffSJilESSnttC^V 
6tyC*y>f 5 FtLT»6ti*^U+^JU*«<0»* 
Ul*JSS*S8 *zm— 5 0 /imr*SCi*6, C<DJ:$ 

[0 0 3 8 ] 3|«4lilBi&-5^KIBi^ U*^^JUS 

«r*4#y-f 5 Fi©««A*±^4fc8t>cc, f&lMSg 
<DitBGC>tf l*T1f> F^7^ F%»026, 

[0 0 3 9 ] ( b ) ^HfS(cS*TS±E»«<Z)i«S^* 

Sfit 1 0 0 °C- 2 3 0 °Cr- 3 0^-2 BtraffgCDjjP 
«W£«L««*l»S-r4X8i, 36^, 2 50°C-6 

0 o B coasr i 3 B#ffl»a^«ia-r ^>x^^^t? 0 

[0 040 ] ±K ( a ) % ( b ) <DXHK J: ^>T. 
Suffice, JJffiS (A) , (B) t?«3ti5*S»tt 

(A) , (B) *6ft*d«y-f S KaWJRStSti. 

40 **s#6*i*. 

[0 04 1 ] c©#y-f 3 Ftt, ««*tl (A) . 

(B) CCj:S^a--; fl^ftTi^t^ 7>^A1^ 

r, ffi&m& (A) t«Jft#fflL (B) i©*JUJttt, 
(A); (B) = 90: 10-50: 5 0©ttfflOCRS 
SnJ&W*l«36c6Scl*. (A) : (B) = 85 : 

1 5 — 6 0 : 4 OOffifflj&sjfSiA*. XfB-^JWttCteC^ 

r 4 «iS#(a (A) <D*;Wb©«**9 0*aAii (ffi 
CC#0i«J^#fi (B) O^JWtCDBj&s i o*«r*s 
50 t) . #y -f* FfiWCWStt*J#0<(fiTr4. *fc. 



(6) 

9 

(A> ©*jutt©<ii#i 5 ommx $>&t m«. 
m*>tffimm& <b> ©-*:/i>j:b©fii# 50 

Aiii;^. Sfc. ^fiSmfi (B) %^-r±fBSC (B) * 
7 b+->f'Jr-f©*TShfc# y W 5 F*M£6ft-S. 

[0042] «*&HiK£&s&img<z>ttH£ i<xu> 
m> ~yT>\,, ¥e. man— *m&k<rm®s>***- io 

Sftitt-i?*^ <«T r4 2 7ia-n ) *« 
[0 04 3] Ifc, 4 2Ta^/cW^#mi40SS<bt'-r 

m>5i, AffiftKj:-or«awttiaiBaflc©iKiffi36«i» 

mttH?e£U 7U + ->7';l/S^l±«C^$tl/£:4 2 

row (ommnmm 3 a ±k . ±m z&mte&mvm 3 b 
tncmmbx<b£^K 4 2713^13 aK*j-r-5& 

i»iii3b©Sl(i, ^JlS^cDSPg-cSBTe 

&5§#&ISi£i*> o * "J" S1BW 3 2 fODBMfOJa 

[0 04 4] 35SttHlle<taS^BfS©i?3«l wm~ 
50 0i/m^<rfib<, ^(C5 Mm~5 0 Mm*5J:<3jhF 

«SWctf>*£X#iEft.i&9 . 5 0 0 »m&MZ.Zt'®<b 

Sto K & < & £©T'iff £ L < & t>. 
[0 04 5] COHffig^fljur^cx 

S J: 5 KKfl-U ^fiR-TS. #HttH8§ 
&*®V&'*2-^tLX&f£t2>lT&hLXti. 7fw 

[0 046] ±K<0J: ^{CUr»6*xfciaHKWEJ4, * 
tt@S8©*m«t LT427P-f*lWCiK:J;r>t, 
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fmmc X U-^iS 0 0 «c C » i l » 9 S*i/c1$t££ ft 

[0 04 7] Xlc. *3m<D7n-7*milrZ>. *» 

[ 0 0 4 8 ] HI «. :£fSHE&c£&:/a-:/©a;$#j& 

iii©-ffi^t«Si-ca)4. isiH^-rtarcwu t& 

U+->7";l/S« 1 ©— ;£©ffi l a tcsftW 
P>n/cgigP2 <t, f^U^t/Jl^tSCftM^ffil b 

[0 049] «^*^t^»iaut:*tt£;-*- 
ic^Lr^mMa«M*m4#6^©-c*ntfJ:<. a 

7-) tP¥{3:*T.4^att©s.'S©^^flat^n.2.. tttc 

«®<t|5l— B. EIffl?r?f^-r-5fe©-C*o-C4>J:t,^ £ 

fc, s^gpii, ^mttuse©— bxm^^b 

[0050] ^-!>7'®,-iS©Mif4<*: Itli, FiJx.«^> 
8B. S3. SS. ffijfi, T^S^-^Z., ^^^r;b t 

m&ix, mmw<D&m£Lxitziv>v a. ^^-^Ai 

C^/c^--/®ff7 0 0Hk~ 1 20 0Hk©-£>©£ffi 

[0 05 1 ] ^>7"*^iBjlWttS«SiWa-r* J:5K 
M3HI,*s, Hl(c^T«fc J >«:. 7l/+->»IS© 

-cs>-5 0 c©<fc ^^a©^?:W-r zfm&o& 

[0052] 5fe-r. la 1 cc^r <fc ^(c, 7 u+v^l-i 
SKOBiamt, ^mttmas3©«ict@^-r-5. 
eg «ffRi»*ttiaR**««rtaj«:*s*»^fctji±K:ta 

S-T-Bfig) Ccma?L5S:8a:W\ ^©?LrteffifC»Eil 

Ltc.mm\^M^<Dm^-mm t r iifs*^ * &c «t -^t . 



0 
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[0 05 3] mW&®&*7 \s*i/7)\>mWDPl^tCWL 

tff^^i^ hx?^>y^g£ffi;*7X, YAG. x+-> 

[0 055] *»W©^a-^©io«t«lt, M2 
(a) % (b) icm&mcmTo H2 (a) tt % ili 

^6tt4»«14tc<tor. ««ttlHl»3©^ffi*tfta 

»«c«W6tifcflBti«c-or^4. BfcHStt#*«TC* 
£ 0 M2 (b) B ( ^mt40K©#<*S#£S^W5C« 

fltfKcBfflSttT y - Ftt©ff *«2 it, m&W<DW. 
B 1 CC» L X , - ? MO&J&ff 2 *«JNirc¥ 

[005 6] 

-W;F>*fflO^ i*K0. 5g/100mK 3 0 

[0057] ntbffl 1 

7U+^^;i/Sffi<Dtt3N-<tL/r. ±#E5£ 
(a), (B) xmztxzmmmiiL (a) . <B>*>e> 
F^ffliv «ftc. (B) cc^sn 

[0 058] fl&T. S»«*JJ: V«KH-*«^.fcaW5 
0 0 c c<D-k^"5^"7^*3fc:, m-h'J^> (TL 
D) 17. Ogi, 4, 4' -^T^^^^x-f 
(DDE) 4. Ogi, N-yW-2-fn'JF> 

(nmp) i 7 2g££A*vt:js#u WiB^r^wt 
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[0 0 5 9] #cc, cnccbrny; ^ (p 

MDA) 2 1. 8 &*^<7«:m*Of*3 0'CtTFGDS 

1. 90f*l SlliS[i8 0 0Pa- s«o/c n 
[0 06 0 ] »6*ifc«fiR£. 1 5%#'J-Y5 FOTIW* 
Sit^^i^cNMPtMO, f?20 MmCD4 2 

i^TT 1 0 0°CT'3 2 0 0TC3 0^ ?6CC 

10 4 0 0 W 1 «FB<D/nH»«rtTl^ U + ^JUXSfcfEK 
Ltc a 7 b^>0l/S^CDJI£{*4 5 /LtmT*ofc. 
[0 06 1 ] C<D*"»;-f 5 Ftt, «iS*fiL (A) £ 
(B)*>6&0, cn60*;Ht», (A) : (B) = 
8 0 : 2 0r&ofc o 4 2 7 P IS*Sa?>ft:8IJB 

«£ It <01H^^<D«UKR««tt 3 . 0 x l 0 - 6 r* ~> 

[0 06 2] ycCC. 4 2TH^?SCDaffi^^ ^ F U^X 

[0 06 3 ] msm2 

©l^hLTfcjftSMtt (A) , (B) 
F*»t»*i3&5, (B) K^£n£SXfc*±125£ 

dv) t^^n^iiu. 

[0 064] 56-T, 3HtWl<fcR«©-b^^^-7^^ 
TLD18. Ogi, 2, 2-t'XC4-(4- 

30 MP 1 8 4 £<t£Aft~Cfl*¥U BUfS^T S S{t&®}* 
mM2#tc 0 CtltCPMDA2 1. 8g£&*fc: 

3 0 0 cyT©Sgrc 5 i»nS8$«K^ . «S 
2 0%(D** 'MS FgMB*^*f»/c 0 C©#y A % F 
«f«^»<03*«*Sfl[ W 2 . 0 5 r * 0 . 9 
5 0 Pa • sX$>-otc a 

[0 0 6 5] iwc^'j^ ^mmtmwi^. b?3 

5 Mm<04 2Tn>TfS£*ffll»r, ±IE*te^l 

S5fU/c 0 C©t>'H5 FB, tfit^li (A) £ (B) ^ 
40 cn6<D*;HI:B, (A) : (B) =85: 1 

ffiK9ff»«3. 3xi0- s t^^/c o 
[0 06 6] ^CC, ifBUJSM 1 i±< BI«CC, 4 2 T 

[0 06 7] HJfeW 3 

©«3f4<tLr«jS#{a. (A) , (B) ^6%^>*' t ;-T5 
F*ffll>fc*s, «Bt*(4 (B) «:#^n^SX^±IE^; 

50 ( v) -C^^ll^SiO/Co 
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[006 8] ilBlfilCD-b^^^^^XnCC, 
TLD19. Ut, 2. (7S^7i 

<L, NMP18 4. 4 g i £A*x-CJ§1? U WIB^T 5 
Sit&WZi&MZittc. ,XiC. CtlKPMDA2 1. 8 

g Kfliit-e©« 3 o -caTciasT 5 i»ais8¥* 

i8K2 0 %©*•;-* 5 \rfflmi&®&*ntt. t© 
'J A S KlftKfl^OttSWifttt: 1 • 8 5 r* 0 . # 
?Kfc5gfrt8 4 0 Pa • s-C*-r>fc a 
[0 0 6 9 ] WZtitcXV 4 5 Kfg|gt#gjR£NMP7? 10 
1 5%«:#f?L/. MS 3 5 nm©4 2 TO -Y?§±«:T7" 
y*-**J8t»-C«]E»flIU ll^iaT'C 1 0 0 "C 

2 0 0*ct3 0», se.«c4 0 o°cr- 1B#H 

[0070] CCD*' 'J J 5 Ftt. «t&$tt (A) 
*flt (B> *>eafOv Cfti5<D-*;Uttt (A) : (B) 
= 90:1 Of*->fc. 7Vt^;HSilt 
<Dffi^[pI<D^5g^«3. 4 x l O-'-C&ofco 

[0071] ;kk. ±ie^j!i^i i t±<mmic. 4 2 r 20 
[0072] mm* 

to (A) . (B) . *5<fct/«^#to (B) 4C^S*T,-5S 

(A) iliji^to (B) (D*JWt& (A) : (B)=5 
0 : 5 OT'&S*';^ 5 F£flH»fc. 

[oo73]$tf. nmmi tmm<Diz^-i')i>-?vx 

3CC. TLD10. 6gi, 4. 4' -y7 5^^7i 30 
;)H-fJH0. Ogi, NMP168. 8gt*A 

CtUCPMDA2 1. 8 g IC1MZ.?:(D&3 O'CW 

TcOSg-CBH^raSl^^W. ?gffi2 0%©*y -f 5 K 

K«l. 8 0^0, gMMB7 2 0Pa • sT$.^ 

[0074] -fs Ffflng{*8«£. S3 3 

5Mm©4 2TCH'?§£fflt.>T. ±IBHSfe W 1 t ± < |BJ 

moxmcx, 6 o urn©? i>* i >'-?)i>w&*{'m 40 

Ofc. t©*y-Y 5 KB. (A) £ (B) *»6 

Ctie>CD*JH:tl*. (A) : (B) =50:50 
t?*o/c. 7 U + ^'/Jl-a'Ki 0-C©BSttr|6j©i(£ 

BSfiSfcttB. 5X l 0-*"C*ofc. 
[0075] &{C. ±I2^SfeWl 1 PJtilfc:. 4 2 T 

IWIK: J: £ ^a-^iB»g*fffc. 
[0 07 6] HBfcFd5 

±ieSlte0iJ 1 ~4 K4sl»TfeH \j1trfxx- ^ffllUSgS^ 
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t«©^ a -:/=£: it 4 WHf^H l,fc. ^ > -Jm&OB 
[0 07 7] ft-r. T'n-^laisss^tcfc^-C. 7 1/ 

* v ^ jus«<dmh © *> % mmn&m^m^ 3 nfc® t 
\tsM\%<^mm or. * > :/« »jiR-r ^ * toa«c 

TMItL. rtS8 0 MmCOmil^L^/SO. l£*ji?L<D 
©*ffi <Bfi?l©rt^Jg®C<:^a3l'/cg|5#*B£< ) K. 

0 m m©;< 3 6Ct-e©J|ffi«: 1 y m 

©JS3-C#4&o t£fT<^. 36K: 1 um(Om^-CUiy^ 

[0078] *mmm-cntc4m!m<D7-tt-7ic. mm 
~i 5 o'c<D^~>ji/-y4 ^Mc-frmc^ ^x^i 

y a - ^<D&«Mg|50^ffi*SI^ O/ciC^, £-© x 
±HH i ^ <fc 5 ftR «5 Bfe* *> tc 

[0079] mmme 

■^mmm-cu. issmmm 1 ~4 ccte^-c^oyt^p 

[0 0 80] H#6#l 1 ~4 |SI«(C. 7 

a«©-^©® sc>nt o -cmnnm&z nm o 3 6 

tc. C©*11It!felalSS£. WWtt»J«Si©«a*{cfflC>6 

n-ssp^^^^r. s*©7u-+v^ji'SS©^ii5j 

D^y-/s F*-6^c-S1«MJi4«:J:ori7^'-3- h u 

[ 0 0 8 1 ] -7 U+~>7';U»>R©iB9M©'5 ^^mtfla|8§ 
*J3fJfiK3 n/tH i «JSMffliJ©ffi«:>!tO r. ^>^»Mt4 
ff^T^^toMCC. SS2 4 8nm©i+->vi/-tf- 
^vX^&lJ&CC-CMJWL.. F*9S3 0 /um©Sii?L*^ 
fiSU. ^Sil?L©Jgffl«:SmttllS§*Sm3#/c„ 

u . ©^®i© 3 # 2 5 « m ©;•; > 

^XU. 1 Mm©J*3-C:£#>o££fT 

IV 36tC 1 Mm©J53-CD^'7 AJbot^tfti. Ui> 

[0082] *mkMx-'mc4mm<Dyu-7t,c, mm 

j*W»40T'<7*»7 , 6a»3'ST 1 M?a2 5"C-l 
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[0083] mm i 

Ki«»jiJ»ffi<oa«cs#y s f* 

iiafilCO-fe^^^U^^^ntC, TLD2 1. 2gi, 
NMP 1 7 2 * <fc*AftT«J¥U WiW*T£>*SJK 
$tf/e 0 &tC k C*UCPMDA2 1. 8g^(cM 

-e©f^3 o o cj^T<osjgr 5 mmmn&mi. tss2 o 

'H^ Kf9ffii*««*f#/Co CCD*' y 5 FffJE 
^S«cD»^feSti 1 . 85t^l SffittS« 7 5 0 
Pa • stfcofe 

[0 0 84] f§6ftfc#y-/3 Fl»IEf*S«<5:. J13 2 

0 um(04 2TUjffit*m^X. 1 <£ H«OI 
titer. 11$ 3 3 *zm(D7 b+^^Hg^ll/c, 

^;u<Dk©T1£fr#>^/c 0 £/c 7l/^>^;HIil 
TOH^tfiJ^JKSS^« - 6 . 0 x l 0 - 6 r * o /c e 
[0 08 5] Jt«H2 

JtSW 1 tm&. 7 l/tJ/MIIO««4 It, 

* # y 5 F t ti«Sc#ficDS/j: y >T 5 F 

1 d:[Hj1i(D-fe/S^^;l/^^Xa^C, 4, 4' -^7^ 

(DD E) 20gi, NMP 1 6 8 

CC, C*UCPMDA2 1. 8 g*tfc*CCft]*., 3 O'CJW 

TcoaffirB^ras*****^. ffifi2 0%cD*y^ f 

ffi«2. 20T*0 % SKttttlilOOOPa- st?* 

O/Co 

[0 0 8 6 ] »J&ftfc#y -Ys F«BE*fcB«i. J¥3 1 
5Mm04 2 7P-flBttffllr>t, UtiM 1 £ IQ«OX 

C©7l/tJ/^H»t JtRWl <D*§^£ H«CC. ± 

EffitraswsT Lfcuwcrr «c, 4 2 r n -yaw^im 

tcffiffir#^ n a n^u^<^<DfecD-C5i/j:^o/c 0 £/c, ? 

x l 0- B T?*oft:. 
[0 08 7 ] tfc««3 

fsM*#$fe9i (H«6«2> iPBfrC****, «Bft*fl[ 
(A) <hti}i&#{4 (B) <D*JUlt3M*«HI3"CiRL/yti«B 



9) «fRM*9-3 0 44 3 7 

16 

tt-cftStfy-f 5 F*ffl(r»r7U*5x^uKK*fl*iL 

fc. iter, *J60U iBMlO'fe^7^7^3K 1 T 
LD20. lgt, 2, 2-t'X (4 - (4-7^7 
xS*rZs) 7x^] 7*u;n , >2. lgi, NMP 1 7 

5 . 2 g ±*Aftr8»¥u Mts^r * s{h&to*i&M 

S-tffc. C*l$CPMDA2 1. 8g££k*CtJjn 

* . 3 0 "CtTFOSfiT- 5 B$ra8H¥*ffitt , iM2 0% 

FWKfl*«%»te. co#y -y s Ffrreft 

iSJR©««ttKB 1 . 8 5 r * 0 . 8 3 0 P 

10 a • stfeo/Co 

[0 0 8 8] »6tifc#y -Y 5 FBulEfttSaiv «3 3 
5^m©4 27aYS5iSffl^t 4 WW0 1 &H«©X 

^ u*^rr;m«*jpjaEr*#y -y 5 F©«js»ffiB* 

JHW2<tPJ«'C**^ ftSQltt (A) <h (B) <fcfl>* 
iUttt. (A) : (B) = 95: 5t*ofc. £/c, 7 
U^>-/;VS«<h Or<Offl*[fiI©«l!KSB»»»- 1 . 0 
xi 0--C*ofc. »6tifc#y-f 3 Ft«J£9tfeWfc 

20 -Cfrift*>ofc. 

[0 0 8 9] tb®0»4 

*Jt««r«, tf«0!3£HI«cc. 7i/+^^l«o 

4*s, fltifii|lffi (A) <L*Hftl|Mii (B) ©*MbW»fc 
W"C*Uft:«H^**#y-Y 5 r*ffll>T:7U*->:/ 
;HS4(^Ufc 0 jfe?\ SOII«l4B»©-fe^^ 
^^^3tc, TLD9. 5gi, 2, 2-fcT*C4- 
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«I2 0»<D#«-f3 FMlBfl4SK«Wfti. C 
<0# y -f 3 F«tKflMOJtfflK»K» 2 . 05^0, 
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